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_ -  An i n v e s t i p i t i o n  of  t h e  h o t  stamp method of  wire  marking h a s  been.complet-ed.  
T h e  pt rpose of t h e  i n v e s t i g a t i o n  was t o  d e t e r m i n e  t h e  e x t e n t  o f  d e g r a d a t i m  t o  
t h e  wire i x s u l a t i o n  caused  by t h i s  p rocess .  T h i s  r e p o r t  p r e s e n t s  t h e  f i n d i n g s  - 
of t h e  invyes t iga t ion  and o f f e r s  recommendations.  

The i n fo rma t ion  p r e s e n t e d  was o b t a i n e d  from v a r i o u s  w i r e -  m a n u f a c t u r e r s ,  ma:Jr 
c o n t r i b u t o r s  i n  t h e  a e r o - s p a c e  i n d u s t r y ,  i n s u l a t i o n  m a t e r i a l s  m a n u f a c t u r e r s  
and a marking machine manufac tu re r .  I n  a d a i t i o r , ,  an  e v a l u a t i o n  h a s  5em made 
of sample wires marked by d i f f e r e n t  companies.  - r  

A l l  i n f o r m t i o n  shows t h e r e  i s  d e f i n i t e  d e g r a d a t i o n  t o  t h e  i n s u l a t i a n .  The 
degree 2f  d e g r a d a t i o n  depends  upon a l l  t h e  v a r i a b l e s  invo lved  i n  t h e  wire marking 
p rocess  v i z .  machins  S e t t i n g s ,  w i r e  gage ,  i n s u l a t i o n  m a t e r i a l ,  o p e r a t o r  t r a i n i n g  
and r3ntro1,  d e g r e e  of  q u a l i t y  i c s p e c t i o n  a p p l i e d ,  wear of marking t y p e ,  z t c .  
There i s  a l s o  i n f o r m a t i o n  t o  i n d i c a t e  a p o s s i b l e  c o n t i n u i n g  d e g r a d a t i o n  t o  t h e  
marked a r e 2  d u r i n g  ag ing .  

I t  i s  s i g n i f i c a n t  t o  n o t e  t h a t  MSFC Cab le  and Harness  s p e c i f i c a t i o n  No. 55hiS0741 
s t a t e s ,  "Damage t o  i n s u l a t i o n  due  t o  a c c i d e n t a l l y  a p p l i e d  h e a t  i s  s u f f i c i e n t  
reason f o r  r e j e c t i o n  and r ep lacemen t  of  t h e  flire o r  cable ."  I t  i s  b a s i c  t o  t h e  
h o t  stamp method of wire ,mar 'king t h a t  t h e  h e a t e d  t y p e  c h a r a c t e r s  a r e  impressed 
i n t o  tF.e w i T 2  i n s u l z t i o n .  

A s s a r c h  O F  ' M A  and m i l i t a r y  s p e c i f i c a t i o n s  shows t h e r e  i s  no a p p l i c a b l e  s p e c i f i -  
$ a t i o n  t o  a l y  t o  c o n t r o l  t h i s  c o n d i t i o n .  Mi:-W-16878 i s  t h e  s p e c i f i c a t i o n  t o  
c o n t r o l  t!>- :>anufac tu re  o f  w i r e  b u t  d o e s  n o t  a p p l y  a f t e r  t h e  . l i r e  i s  modi f ied  by 
marking. Tne m i l i t a r y  s p e c i f i c a t i o n  found t o  r e f e r e n c e  markicg r e q u i r e s  o n l y  
t h a t  tt ,e Ea rk ing  i s  permanent and l e g i b l e .  
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Samples o f  w i r e  were marked on t h e  Kings l ey  Machine a s  i n s t a l l e d  by G. E.,  A .  9. D. 
h:anufac.turing. 
The nar l t ing appeared permanent and l e g i b l e .  
d i e l e c t r i c :  s t r e n g t h  and i n s u l a t i o n  r e s i s t a n c e  t e s t s  measured u n d e r  w a t e r  a s  s p e c i -  

. f i e d  by MIL-W-l68-,’8D. 
l o t  was r u n  w i t h  r e d u c e d  h e a t  and p r e s s u r e  s e t t i n g s  on t h e  marking machine.  The 
wire passed d i e l e c t r i c  s t r e n g t h  and i n s u J a t i o n  r e s i s t a n c e  t e s t s ;  however, c r o s s  

‘ s e c t i o n  and mic roscop ic  examina t ion  showed t h e  d e p t h  of t h e  marking i m p r e s s i o n  
t o  be i ~ p  t o  approx ima te ly  70% o f  t h e  w a l l  t h i c k n e s s .  

FEP T e f l o n  wire a a s  a l s o  marked u s i n g  G. E . ’ s  K ings l ey  Machine. The p r e s s u r ?  
and dwe l l  time were reduced t o  a m i n i m u m  t h a t  would y i e l d  a n  a c c e p t a b l e  n a r k .  
Cross s e c t i o n  showed a r educed  i n s u l a t i o n  t h i c k n e s s  of u p  t o  50% o f  t h e  w a l l  
t h i  ckr.e s s . 

PVC w i r e  was marked u s i n g  t h e  Kings l ey  recommended machine s e t t i n g s .  
The marked samples  were s u b j e c t e d  t o  

The f i r s t  two l o t s  of  w i re ,  f a i l e d  b o t h  tests.  An a d d i t i o n a l  

TFE T e f l o n  was marked u s i n g  t h e  G .  E.  “Kings l ey”  Machine. A f t e r  m a r k i n g , a  h e a t  
s e t t i n g  o v m  was used  t o  s i n t e r  t h e  marking f o r  permanency. The d e p t h  of t h e  
marking impress ion  b e f o r e  h e a t  s e t t i n g  was a p p r o x i m a t e l y  .002 i n c h e s .  A f t e r  
h e a t  s e t t i n g  t h e  d e p t h  of t h e  i m p r e s s i o n  was n o t  d i s c e r n i b l e .  Exposure t o  t h e  
h e a t  se t  o p e r a t i o n  m u s t  be  c a r e f u l l y  c o n t r o l l e d  t o  p r e v e n t  damage t o  t h e  i n s u l a t i o n .  
The t e s t s  a s  made r e s u l t e d  i n  c r y s t a l i z a t i o n  o f  t h e  T e f l o n  a s  ev idenced  by a n  
i n c r e a s e d  s t i f f n e s s  of  t h e  wire a f t e r  h e a t  s e t t i n g .  I t  i s  n o t  known i f  t h e  
c r y s t a l i z a t i o n  a F f e c t s  t h e  i n s u l a t i o n  q u a l i t y .  

Telephone d i s c u s s i o n s  w i t h  t e c h f i i c a l  r e p r e s e n t a t i v e s  of  v a r i o u s  wire  m a n u f a c t u r e r s  
( f i v e  companies) r e v e a l  t h a t  t h e  d e g r a d a t i o n  i s  g e n e r a l l y  r e c o g n i z e d .  T h e i r  
recommendations were t o  p u r c h a s e  wire  e i t h e r  c o l o r  coded v i a  s t r i p i n g  o r  t o  have 
t h e  wire m a n u f a c t u r e r s  mark t h e  wi re  d w i n g  f a b r i c a t i o n .  T h i s  would a s s u r e  
compliance t o  s p e c i f i c a t i o n  and e l i m i n a t e  t h e  need t o  damage t h e  i n s u l a t i o n  
f u r t h e r  by p r o c e s s i n g .  None o f  t h e  wire m a n u f a c t u r e r s  a d v i s e d  i n  f a v o r  o f  t h e  
h o t  stamp method and two companies s t r o n g l y  a d v i s e d  a g a i n s t  i t .  

F i v e  companies who a r e  major  c o n t r a c t o r s  i n  t h e  ae ro - spa  e i n d u s t r y  have Seer, 
c o n t a c t e d .  A l l  companies use  3r have u s e d  t h e  Kings l ey  Machine f o r  marking 
wire. One :ompany r e c o g n i z e d  a problem 3:  i n s u l a t i o n  damage and d i s c o n t i n Q e d  
cse of t h e  p r o c e s s .  
ments z r e  ‘31- i e s i b i l i t y  and permanexcy. The re  a r e  no c o n t r o l s  employed t o  l i m i t  
t h e  exte2t  o f  “_s i n s u l a t i o n  damage o t h e r  t h a n  v i s c a l  i n s p e c t i o n .  

O f  t h e  remaining companies t h e  o n l y  s p e c i f i c a t i o n  r e q u i r e -  

L i t e r a c J r s  i e s e r i b i n g  v a r i o u s  t y p e s  of wire and i t s  r eco rnended  u s a g e  h a s  been 
o b t a i n e d  f r s m  wire and i n s u l a t i o n  m a n u f a c t u r e r s  and from t h e  wire u s e r s .  The 
f o l l o w i n g  p o i n t s  a r e  b rough t  o u t  i n  t h i s  l i t e r a t u r e :  

1. A:: o u t s i d e  c o a t i n g  i s  o f t e n  used o v e r  t h e  b a s i c  i n s u l a t i o n .  The 
. pilrpose of  t h e  c o a t i n g  i s  t o  o f f e r  i n c r e a s e d  wear o r  a b r a s i o n  s t r e i g t h .  

Hot, stamp marking c u t s  t h rough  t h i s  c o a t i n g .  

2. I:,stilated wire c o l d  f l o w s  i f  t h e  i n s u l a t i o n - i s  s u b j e c t  t o  compression 
% a 4  h a s  a g a i n s t  a n o t h e r  p a r t  o r  a t  a c a b l i n g  t i e .  ?he c o l d  flow a . c t ion  
c c , i d  f u r t h e r  d e g r a d e  t h e  i n s u l a t i o n  a t  a marked a r e a .  

3. E n d i r o n n e n t a l  ( o n d i t i o n s  can cause e m b r i t t l e m e n t  and c r a c k i n g  o f  wire 
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3. (Cont.) 

i n s u l a t i o n .  P r e v i o u s  damage t o  t h e  i n s u l a t i o n  would c o n t r i b u t e  t o  t h i s  
c o n d i t i o n .  

D i s c u s s i o n  w i t h  t h e  "Kings l ey  Machine Co." r e p r e s e n t a t i v e s  shows t h a t  t h e y  do  
n o t  c o n s i d e r  t h e  d e g r a d a t i o n  t o  be a problem. They f e e l  t h a t  t h e  d e p t h  o f  t h e  
markicg impress ion  can be  c o n t r o l l e d  a d e q u a t e l y  by p r o p e r  set  u p  and use of 
t h e i r  machines .  They g e n e r a l l y  r e c o g n i z e  t h a t  t h e  d e p t h  o f  t h e  marking i m p r e s s i q n  
w i l l  be from .001 t o  .003 i nches .  

Because of t h e  damage t o  i n s u l a t i o n  caused  by t h e  h o t  stamp p r o r e s s ,  it i s  
recommer-ded t h a t  t h i s  method be  avo ided  wherever  p o s s i b l e * w h e n  it i s  found 
ne e s s a r y  t o  i d e n t i f y  wires and i f  t h e  h p t  stamp p r o c e s s  i s  u s e d ,  t h e  s p e c i f i -  
c a t i o z s  shou ld  r e q u i r e  a d i e l e c t r i c  s t r e n g t h  and i n s u l a t i o n  r e s i s t a n c e  t e s t  t o  
meet t h e  r e q u i r e m e n t s  of  MIL-W-16878, a f t e r  marking. 

A s  a n  a l t e r n a t e  t o  h o t  stamp wire marking,  t h e  f o l l o w i n g  a r e  s u g g e s t e d  metnods 
o f  wire i d e n t i f i c a t i o n :  

I. A s h o r t  l e n g t h  of s l e e v e  c a r r y i n g  t h e  r e q u i r e d  marking can be  p l a c e d  
o v e r  t h e  wire. 

2. Purchase  o f  c o l o r e d  wire and a c o l o r  code method of  i d e n t i f i c a t i o n .  

3. 

d, i 2 ~ n t i f y i n g  a d h e s i v e  markers .  

5 .  Emy?loy i n k  stamp method of wire marking wherever  p o s s i b l e .  

Ink  p r i n t i n g  of t h e  d e s i r e d  marking by t h e  wire  m a n u f a c t u r e r .  

D. I,:?-* . 
Manu f a  c t u r  i n g  P roc  e s se s 


